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Anthropometric measurements and a sub-maximal effort step-test were recorded 
three times in one year for a sample of 88 Senegalese children aged between 3 
and 6. These children all came from a rural area where nutritional situation is 
poor. The values significantly improved from one visit to the next, but, in 
comparison to European or North American standards, somatic growth is 
retarded, muscular mass is weaker, and cardio-respiratory adaptation to effort is 
less. 
Taking as a malnutrition threshold a height-for-age and a height-for-weight less 
than -1 standard deviation from the N.C.H.S.MI.H.0 reference, one concludes that 
wasted and small for age children register poorer aerobic performance than well 
nourished children. 
These observations stress the importance of nutritional conditions in the 
somatic and functional development of African children. Study of these relation- 
ships is essential to a better understanding of the gravity and consequences of 
chronic Undernutrition 
Key words: Anthropometry, working capacity, protein-energy malnutrition, 
Sénégal Y, 
INTRODUCTION 
Malnutrition poses a constant threat to the normal development of West African 
children, slowing down their growth rate and diminishing their body mass, thus 
limiting their functional abilities. In an earlier article, it was pointed out that slightly 
undernourished Senegalese children realized lower scores in motor tests than normal 
children did (Bénéfice, 1990). Cardio-respiratory endurance is another area of 
physical fitness which needs to be investigated. 
The study of the relationship between body size and aerobic capacity in protein 
energy malnutrition (P.E.M.) has led to research on adolescents and schoolchildren. 
This has shown that, in absolute terms, a drop in body mass resulting from 
undernutrition incurs a reduction in working capacity (Areskog, 1971; Davies, 1973; 
Satyarayana et al., 1979). Observed differences between normal and undernourished 
children disappear, however, when working capacity is expressed per unit of body 
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same applies to the difference between sexes, although readings for the girls are 
slightly - but not significantly - lower than for the boys. The children were chosen 
after a preliminary demographic census which covered each household in the selected 
villages. Children selected were free from clinkally detectable organic afflictions and 
were not noticeably skinny. 
The aims and methods of the survey were explained to the parents and the 
I headmen and officials in the villages and their oral consent obtained. Examinations 
were conducted in the presence of a member of the child’s family. 
Methods 
At each visit, the children underwent a clinical examination and a sub-maximal effort 
test; anthropometric measurements were taken and they participated in physical 
exercises. 
When being weighed, the children wore only a pair of shorts: the electronic medical 
scale was exact to within 100 g. They were measured standing up with a portable 
anthropometer accurate to within 1 mm. Arm circumference was measured on the left 
side by means of an unstretchable, glass-fibre tape. Triceps skinfold thicknesses were 
measured with a Holtain-type caliper. All these measurements were effected by the 
author at sites authorized under the International Biological Program (Weiner & 
Lourie, 1981). Arm circumference (AM) and triceps skinfold (TSF) measurements 
were used to construct a muscular mass indicator according to Gurney and Jelliffe 
(1973). 
Arm muscle circumference (AMC) = AM - (n X TSF) 
To measure cardio-circulatory adaptation to effort, Cermak’s et al. (1969) sub- 
maximal step-test was used, as modified for preschool children by Parizkova (1984). 
A stepladder with two rungs 23 cm apart was used. At the beginning of the day, the 
children underwent a little training in ladder climbing. The test, itself, was preceded 
by a 3 minute pause in the sitting position followed by climbing at a rate of 30 rungs 
per minute for 5 minutes, and, finally, a 5 minutes recovery period. To maintain the 
rhythm, an adult accompanied the child in the test, holding its hand lightly without 
pulling. A metronome beat time by the second. Throughout the 13 minutes test, a 
“sport tester” apparatus (Polar Electro Ky, Kempele, Finland) recorded the child’s 
heart rate (HR) every 15 seconds. This device is a heart rate monitor which records 
electric signals from the heart by means of an electrode fixed to the thorax with a belt, 
and sends them by wireless to a receiver on the arm incorporating a microprocessor 
capable of recording the heart beat. Appropriate interfacing then transferred the HR 
to a microdisk for various forms of analysis by microcomputer. The test was 
conducted in the shade at a cool time of the day. The actual number of steps taken by 
the children was counted. 
The following indices were calculated. From the child’s weight, the height of the 
steps, and the number of rungs climbed, the amount of work accomplished can be 
estimated: 
, 
Step-test 
The response to the test changes from one age group to another, and from one visit to 
another, and are portrayed schematically in Figure 3. to contrast the effects, the 
I 
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Work (kgf m) = Body weight (kg) X 0.23 (height of step in m) X number of rungs 
climbed. 
The cardiac efficiency index (CEI) is hence defined in terms of mechanical work 
accomplished for each heart-beat: 
CE1 = Work/(sum of HR per minute during work and recovery). (Parizkova, 1984). 
The shape of the graph is also a criterion ,of a child’s success in the test. The heart 
rate of an able child at rest will be low, but then rises suddenly to stabilize during the 
2nd minute of climbing; furthermore, recuperation will be fast. This information can 
be synthesized using 2 simple indicators: the rising slope of the HR curve at the start 
of the exercise, and the slope of the recovery curve at the end. 
The children were examined in the open air, in public and in their habitual sitting, 
and consequently all exposed to the same climatic and psychological conditions. 
The results were analysed by means of the BMDP package (BMDP Statistical 
Software, Inc.). Student test, two-way analysis of variance test and analyse of 
covariance, were all carried out. 
RES U LTS 
Anthropometric and Nutritional Status 
When recruited, the children appeared in good health. However, as Figure 1 shows, 
the range of malnutrition factors-height/age (H/age) and weight-for-height (W/H) 
expressed as Z-scores of the National Center for Health Statistics (N.C.H.S.) 
reference (WHO, 1983) - differs considerably from the standard range and veers to 
the left towards the lower values. Almost 70% of the H/age readings and 80% of the 
W/H readings fall between -2 standard deviations (SD) and the median. 
These proportions changed neither in the course of the visits: (H/age: Chi 2 = 13.7 
for 18 ddf, not significant. W/H: Chi 2 = 24.0 for 18 df, not significant). 
As previously reported (Bénéfice, 1990), these children’s weight and height 
increase regularly but below the N.C.H.S. reference. The same applies to their 
muscular mass; as expressed by the AMC indice and to their fat mass, as expressed 
by the triceps skinfold thickness, when they are compared with international 
reference norms (Frisancho, 1981). (See Figure 2). 
Table 1 shows anthropometric parameter variations in the course of visits to the 
three cohorts. The readings for height and weight vary significantly between age 
groups and during the visits. AMC and TSF remained steady during the visits. 
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Figure 1 Cumulative distribution curves of H/age and W/H Z-scores. 
performance of 3-year-old and 5-year-old children is compared for the first visit 
(Figure 3, top), and the performance of younger children is contrasted between the 
first and last visit (Figure 3, bottom). Heart rate at rest and during recovery tends to 
1--  1 re- ,.IAa- ,-L:1,-lV~- +h3n f,, ,,*,," rr nnp~ H R  dllrinP exercise to be sli&tlv 
higher, thus giving the impression that HR dynamic improves as growth progresses. 
However, the observed differences are not statistically significant. A similar tendency 
can be noticed between the first and third visit. 
This is, nevertheless, confirmed by the variations in the cardiac efficiency index 
and in load which must be supported which rises significantly in function of the visit 
and the age group (Table 2). 
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Figure 3 Changes in heart rate during the step-test according to age and visit. 
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Table 1 Mean values of anthropometric parameten according to age and visit in preschool Senegalese children 
Two-way anaivsis 
of variance 
Age group 3-4 years 4-5years 5-6years Between Between 
Degree of freedom (n = 18) (n = 34) (n = 36) age group visit 
F (‘2,225) F (2,225J 
Height (cm) 
1st (1) 98.8 (2) 103.6 
4.1 (3) 5.3 
2nd 101.0 106.6 
4.4 5.5 
3rd 104.6 110.0 
4.5 5.5 
1st 14.2 15.8 
1.7 2.0 
2nd 15.1 16.6 
2.0 2.0 
3rd 15.8 17.7 
1.9 2.2 
1st 12.5 13.0 
1.2 1.6 
2nd 12.5 12.9 
1 .o 1.2 
3rd 12.5 12.9 
1.6 0.9 
Triceps skinfold (TSF, mm) 
1st 7.2 6.5 
2.5 2.9 
2nd 7.1 6.6 
1.8 2.0 
3rd 7.09 6.6 
1.1 ’ 1.5 ’ 
Weight (kg) 
.4rm muscle circumference (AMC, cm) 
111.0 
3.9 
113.8 
3.8 
116.9 
3.3 
18.0 
1.6 
18.8 
1.6 
19.6 
1.7 
13.2 
0.8 
13.5 
0.8 
13.6 
0.8 
6.2 
1.6 , 
6.1 
1.1 
5.5 
1 .o 
144.6 *** 
74.6 *** 
13.1 , 
*** 
7.6 *** 
34.6 *** 
159.0 *** 
0.2 
ns 
0.4 
ns 
(1) visit number; (2) mean; (3) 1 standard deviation 
***: p<O.OOl; ns: not significant 
Consequences of the Nutritional Status 
To evaluate this state, the children were placed in different nutritional groups 
according to their Wage and WfH, taking -1 SD as the entry point for malnutrition. 
Three groups were constituted: 
- Normal children: H/age and W/H > -1 SD (n = 137). 
-Wasted children: W/H < -1 SD and H/age > -1 SD (n = 32). 
- Small for age children: H/age < -1 SD (n = 55). 
x 
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Table 2 
Two-way analysis 
of variance 
Age group 3-4-years 4-5years 5-6 years Beiween Between 
Degree of  freedom (n= 18) (n = 34) (n = 36) age group visit 
F (2.225) F (2,225) 
~ 
Cardiac eficiency indes (CEI) 
Ist 0.38 0.44 0.50 49.8 11.9 
0.09 0.07 0.07 
2nd 0.42 0.45 0.53 
0.08 0.07 0.07 
3rd 0.44 0.49 0.56 
0.08 0.08 0.07 
work load (Kgm) 
1st 461.7 53 1.2 621.7 81.4 19.2 
63.5 81.9 66.2 
2nd , 500.0 556.6 641.3 
69.1 84.5 59.8 
3rd 537.0 610.4 678.1 
72.4 80.0 61.5 
*** *** 
*** *** 
( 1 )  visit number; (2) mean; (3) 1 standard deviation 
***: p<O.OOl; **: p<O.Ol; ns: not significant 
To simplify interpretation, children who were both thin and small (n = 18) were 
included with small for age children. Since step-test parameters vary significantly . 
from one visit to another and according to age, comparisons were made between 
means adjusted for age and for the order of visit by a covariance analysis. Equality of 
the coefficients for each covariate between groups was tested and no intercation was 
found. 
The results of the covariance analysis are summarised in Table 3. It can be seen 
that the CE1 of well-fed children and the loads they can endure are significantly 
higher than for undernourished children. The worst results stem from %unted” 
children. As far as effort dynamics are concerned, there is a definite tendency for 
small children to adapt more slowly and recover less quickly than normal children, 
(SW and SR slopes less steep), although these results are not statistically significant. 
Finally, muscular mass in undernourished children is less than the norm. 
DISCUSSION 
This study describes growth and cardio-circulatory adaptation to exercise for a 
sample of Senegalese preschool children. It shows that these children grow more 
slowly than well-fed European or American children: compared to preschool boys 
normally fed in Europe and the USA, these Senegalese children display obvious 
9 .' 
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Comparison of cardic-respiratory endurance and mude mlss indices between I"l, wmted Ind ahrnted pr~sch001 scncgdne 
Table 3 chikim 
T-test matrix 
Dependent groups Adjusted Standard a (1) b C 
variable (1) mean errar n = 1.37 n = 72 n=55  
CE1 
Comment 
Work load 
(kpm) 
Comment 
sw 
(Work) 
Comment 
0.509 
0.457 
0.447 
622.9 
556.6 
528.0 
30.1 
29.4 
28.4 
0.005 
0.007 
0.008 
4.2 
5.8 
6.7 
0.7 
0.9 
1.1 
SR a - 22.2 0.70 
(recovery) b - 20.5 0.98 
C - 19.9 1.12 
Comment 
AMC a 13.5 0.8 
(4 b 12.5 1 .o 
C 12.7 1.2 
Comment 
O 
5.6*** O 
6.0*** 0.8 O 
a > b ,  c 
O 
.9.3*** O 
12.0*** 3.2*** O 
a > b > c  
O 
0.5 O 
I .3 o. 7 O 
equality of adjusted means 
O 
1.4 O 
1.7 0.4 O 
equality of adjusted means 
O 
7.9*** O 
5.8*** 1.3 O 
a > b ,  c 
~~~~ 
(1) Nutritional groups: a=H/age>-1  sd and W/H>-I  sd . .  
b = W / H < - l  sd 
c=H/age<-1 sd 
backwardness in somatic growth ranging from 1 to 1.5 years for weight and 3 to 6 
months .for height; they also have less muscular mass. 
Very few studies exist for the aerobic capacity of preschool children. An aerobic 
capacity test may be performed on a normal child in order to evaluate his 
physiological adaptation to metabolic demands beyond his requirement at rest 
(McArdle & Katz, 1986). A sub-maximal test was conducted on the basis of a linear 
relationship existing between the V 0 2  and the HR during exercise (Astrand, 1954). 
The advantage of such a test is that it is without danger and requires little motivation 
on the part of the child (Bar-Or, 1987). I t  is easily performed and, to a certain extent, 
allows a work-load to be calculated. 
This longitudinal survey shows a developmental trend in cardio-respiratory 
response to exercise. According to age and visit, HR tends to decrease at rest and 
during recovery and to slightly increase during exercise (Figure 3). Seeing that the 
weight of a child and hence the load which must be supported, increases regularly 
through the year, in the course of exercise older children must display greater cardiac 
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output to supply oxygen to active muscles than younger ones. This increase in cardiac 
output would be mainly determined by an increase in stroke volume than by an 
increase in HR. Moreover, it is known that in the growing child, HR values decrease 
while stroke volume increases with increasing age and height (Braden & Strong, 
As far as it is possible, the values of the step-test have been compared with 
literature concerning preschool children. The Senegalese children’s heart efficiency 
under load at all ages, as indicated by the CEI, is about 20% inferior to that of the 
Italians (Ferro-Luzzi, 1979) or Czechs preschool children (Parizkova, 1984). The 
Senegalese children were possibly handicapped by their lack of experience in 
climbing ladders as compared to Europeans, but they were seen to adapt rapidly to 
.the conditions of the test after training. Other factors may be evoked: high external 
temperature, which makes the test harder and increase metabolic demands for 
thermolysis; differences in the level of habitual physical activity, which is a factor 
favouring training for effort; the fact that the children become more used to the tests 
as time goes on, which makes them easier. Although these arguments have some 
weight when comparison with European children is in question, they have no 
relevance where varying nutritional groups within the same population are being 
compared. 
When the aerobic performance of these different children is compared, the 
depressive effect of their nutritional status becomes evident. Thin or stunted children 
cannot endure effort as well as well-fed ones. Interestingly, HR patterns do not vary 
among nutritional groups though the load to be supported is lighter in malnourished 
children. This can imply a lower cardiac output in this group. On the one hand, it 
seems likely that changes in cardiac output are related to a lower stroke volume in 
connection with the general reduction in body size due to protein-energy malnutri- 
tion; on the other hand, the undernourished children have less muscular mass, and 
that muscular weakness may be another reason, at the peripheral level, for their 
feeble aerobic capacity. 
These conclusions about preschool children fit in with those concerning older ones 
(Davies, 1973; Satyarayana et al., 1979; Spurr et al., 1983). 
Some authors consider that the physical aptitude of marginally undernourished 
children is as good, if not better, than that of their well-fed counterparts, and that 
they are physiologically well adapted to their situation (Ghesquière & D’Hulst, 
1988). This does not appear to be the case for this group of children, whether it be in 
the area of muscular strength and motor coordination (BCnéfice, 1990), or in the 
realm of their cardio-respiratory endurance. Furthermore, it would seem strange to 
regard as normal a situation where a child is unable to develop his physical potential 
to the full. Finally, from a practical point ofview, in a rural environment, very early in 
life, the African child undertakes domestic or subsistance chores whose intrinsic value 
is determined by the absolute quantity of the work performed: this is the case, for 
example, where a girl pounds millet or a boy carts wood. 
Such questions are closely connected to the current debate on the consequences of 
chronic undernourishment (Martorell, 1989; Spurr, 1988). If answers to them can be 
found, malnutrition will be better understood and can be more effectively dealt with. 
1990). 
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